graphitized nucleophilic group functionalized Multiwall carbon nanotubes are utilized to fabricate PDMS/FMWCNTs nanocomposites with low weight fraction (0.1 wt%). The effect of solvents on dispersion of FMWCNTs is studied. THF shows higher dispersion power in comparison with chloroform. The dielectric constant is measured using impedance analyzer in the range of 10 6 -10 9 Hz. The result indicate, the dielectric property of FMWCNTs/PDMS nanocomposite could be manipulated with proper mixing techniques and adjustment of curing time
I. INTRODUCTION
Carbon nanotubes (CNTs) are allotrope of carbon that consist of graphene layers which is rolled up into hollow cylinders. Discovery of CNTs by Iijima group (1991) was the beginning of a new era for scientific communities [1] , [2] . CNTs are 1D structure which makes them an attractive research area. Due to their size, shape, structure and the arrangement of the atoms within them; CNTs gain extraordinary mechanical and electrical properties.A single CNT is one hundred times stronger than steel, one-sixth of the density of steel and exhibits both high electrical and thermal conductivities [3] . Ajayan et al (1994) reported the first ever polymer nanocomposite using CNTs as filler; since then CNTs have attracted a great deal of interest in the polymer nanocomposite research community [4] , [5] .
Although, there have been reports of CNTs astonishing properties as filler materials in nanocomposites; the technique to attain such results is not fully defined [5] . CNTs are normally mixtures of various chiralities, diameters,and lengths, presence of impurities and other defects. Properties of multi-walled carbon nanotubes (MWCNTs) are less superior, because CNTs produced regularly exist as aggregates that are tightly bound by Lennard-Jones potential of about 500 eV/μm of tube length for single-walled carbon nanotubes (SWCNTs) [6] . Furthermore, CNTs aggregation have been found to significantly affect the mechanical and electrical properties offabricated nanocomposites. Additionally, due to their small size,CNTs are normally curled and twisted, and therefore individual CNTs embedded in a polymer only exhibit a fraction of their potential. Thus, the extraordinary properties of CNTs cannot as yet be fully functional [7] .
To avoid aggregations different methods and techniques such as melt mixing, solvent mixing, functionalization and stirring, ultrasonic bath, ultrasonic probe respectively have been recommended by researchers [8] . To fabricate nanocomposites solvent mixing have been the most common method reported by different research groups [9] , [10] . The solvents used in this work are chloroform (0.031 mg/ml) and tetrahydrofuran (THF) (0.0049 mg/ml) [11] . Chloroform for its superior dispersion concentration and THF for its higher dispersion over time were preferred as solvents. In this work, an attempt to study the effects of curing time on electrical properties of nanocomposites prepared by different mixing techniques has been utilized.
II. MATERIALS AND METHODS

A. Materials
Commercial MWCNTs produced by catalytic decomposition (L.MWNTs-2040, length=5-15 m, diameter=20-40 nm, Shenzhen Nano-technologies Port Co. Ltd., Shenzhen, China); polydimethylsiloxane (PDMS) (SYLGARD 184); THF and chloroform (Sigma Aldrich).
B. Preparation of Dispersed MWCNTs in Solvents
To determine dispersion power of MWCNTs in each solvent, homogenous suspension with different concentrations (0.0001 to 0.005 mg/ml; steps of 0.0005) were prepared. The samples were sonicated with maximum power in ultrasonic bath for 1 hour. Samples were refrigerated for 24 hours to determine the effect of time on MWCNTs concentration in each solvent.
C. Sample Preparation
The MWCNTs were first dispersed in chloroform through sonication for 1 hour; PDMS solution was prepared by addition of chloroform (1:6) and magnetically stirred (30 minutes at 1000 rpm). The two solutions were then mixed by different mixing technique (magnetic stirring (Ms), ultrasonic bath (Ub) and ultrasonic probe (Uh)) for another 6 hours. After evaporation of chloroform, curing agent was added (1:10) and mixed vigorously for 10 minutes. The suspension was moved into a vacuum chamber (30 min at 2 mbar) to further degas the mixture. Afterwards, MWCNTs-PDMS specimens were molded into rectangular shape (L×W×H = 2.0×2.0×0.3 cm 3 ). Two sets of samples were prepared; set "O" cured in oven (10 min at 150 C) and set "RT" naturally cured overnight. The MWCNTs concentrations were kept constant 0.1 wt%, which provided the data regarding dependence of the dielectric properties of the nanocomposites to their preparation methods.
D. Characterization
The MWCNTs were characterized using Raman spectroscopy (Witec alpha 300R) to determine the ratio of graphitization and FTIR (AEM) to detect functional groups. The vibration spectrum was recorded using laser excitation wavelength of 488 nm in the range of 0-4500 cm -1 . The dispersion of MWCNTs in each solvent was characterized using UV/Vis spectrometer (Elmer-Perkins 350) operating between the ranges of 300-700 nm. Fig. 1 presents the Raman spectra of the MWCNT used for this work. Lorentzian curve fitting was utilized to determine the disordered carbon atoms (D-band) at ~1350cm -1 and the ordered carbon atoms in the sp 2 hexagonal graphite (G-band) at ~1575cm -1 that is similar to previous studies. The spectrum also demonstrates the second order D band (2D) band at ~2700cm-1 which is sometimes referred to as G' band as a result of its presence in more ordered graphitic carbon. The ratio of I D /I G that represents the amorphous phase content in carbonaceous materials was calculated to be ~0.75; this result indicates that the MWCNTs used in this work contain high C-C bond and low defects [12] , [13] . Fig. 2 depicted FTIR which shows the presence of nucleophilic groups (-COOH, -OH) attached to the MWCNTs. We suspect environmental effects may have caused the oxidation on the surface of MWCNTs.
III. RESULTS AND DISCUSSION
A. Evaluation of I D /I G Ratio by Raman Analysis
B. Fourier Transform Infrared
Fig. 2. FTIR spectra of MWCNTs
According to the Shenzhen Nano-technology Port Co. Ltd. MWCNTs were purified by acid treatment; which may be the reason behind oxidation of MWCNTs during shipment and storage. Pristine CNTs do not have IR signature due to their molecular symmetry.
J.L.Bahr, et al. suggests chloroform has higher dispersion power compared to THF [11] . The presence of nucleophilic group affects the dispersion power of MWCNTs in solvents [14] . Based on UV/Vis results chloroform as a non-polar solvent is unable to suspend nucleaphilic functional MWCNTs (FMWCNTs).
C. Comparison of Dispersion Power of Solvents using UV/Vis
Bundle CNTs are inactive in UV/Vis region; alternatively individual CNTs absorb energy in this region due to 1D van Hove singularity. Hence dispersions of FMWCNTs were characterized with respect to intensity of absorption spectrum in UV/Vis region. In this experiment the baseline correction was carried out using the pure solvent in order to subtract their absorbance value from that of FMWCNTs. The results of FMWCNTs dispersion in each solvent, was recorded at the range of 800nm-300nm. CNTs XPS result indicate an excitation energy at 2.48eV [15] , [16] ; as result absorbance value at 500nm was recorded to establish the extinction coefficient of FMWCNTs in each solvent [17] . All the samples appeared to obey Beer-Lambert law. Extinction coefficient was determined by plotting the linear least square fit of absorbance versus concentration. The dispersion power of FMWCNTs in each solvent was determined using the extinction coefficient [18] , [19] .
Where "A" is the absorbance, " " is the extinction coefficient, "l" is the length of the UV/Vis cell and "c" is the concentration of the FMWCNTs in the solvent. Fig.3 (a) and Fig.4 (a) display the dispersion power and Fig.3 (b) and Fig.4 (b) These results show that FMWCNTs disperse better in THF compared with chloroform. FMWCNTs tend to aggregate rapidly once the mixing of chloroform solution stops. This effect could be the result of non polar structure of CHCl 3 and the presence of nucleophilic group on the surface of FMWCNTs. Chloroform was selected as the solvent, due to higher aggregation rate of FMWCNTs. It was recognized to be more practical for the purpose of this work.
D. Dielectric Measurement
To determine the effect of mixing technique and curing time dielectric constant of each sample was measured using (Agilent 16453A). Results clearly indicate that dispersion of FMWCNTs have notable effect on dielectric properties of polymer matrix. PDMS with dielectric constant of 2.3-2.8 is suitable for many applications in micro and Nano electronics. The dielectric constant of PDMS prepared by different techniques, cured in oven "O" and room temperature "RT" are displayed in Fig. 5 .
The effect of curing time is clearly notable, FMWCNTs in group RT tend to settle and strong Vander waals forces causes aggregation. The aggregated FMWCNTs tend to form an insulating path within PDMS which increases the dielectric constant of samples in this group. To confirm this two samples were prepared without mixing, with the same amount of FMWCNTs. The two samples were cured separately, one in oven and the other in room temperature (HpO and HpRT).
From the result of group O the importance of mixing technique and its effect on property of nanocomposite could be seen. Sample UhO with dielectric constant of 1-1.2 forms a large gap from other samples. Although this result needs further studies, homogenous dispersion of FMWCNTs and its effect on reducing dielectric constant of polymer by forming conducting paths must be noted. Highly graphitized nucleophilic group functionalized MWCNT (ID/IG = ~0.75) were utilized to fabricate PDMS/FMWCNTs nanocomposites with low weight fraction (0.1 wt%). The effect of solvents on dispersion of FMWCNTs were analyzed. Chloroform with higher aggregation rate was carefully chosen as suitable solvent to fabricate FMWCNTs/PDMS nanocomposite. The dielectric constant was measured using impedance analyzer in the range of 10 6 -10 9 Hz. The result indicate, the dielectric property of FMWCNTs/PDMS nanocomposite could be manipulated with proper mixing techniques and adjustment of curing time.
